Wick rotation in area tensor Regge calculus is considered. The heuristical expectation is confirmed that the Lorentzian quantum measure on a spacelike area should coincide with the Euclidean measure at the same argument. The consequence is validity of probabilistic interpretation of the Lorentzian measure as well.
The problem of the relation between the Lorentzian and Euclidean versions of a field theory is especially nontrivial in gravity, namely, in general relativity (GR) theory where the Wick rotation means not only formal rescaling time and timelike vector components by √ −1 but also real change of topology [1] .
Regge calculus provides a simplification connected with coordinatelessness of this formulation of GR: there is no time coordinate to be scaled by √ −1;
instead, some edge lengths should be made complex (the notion of "time"
can arise at the intermediate steps simply as a parameter which labels the 3D layers by ..., 1, 2, 3, ...) [2] .
In the present paper we consider Wick rotation in the framework of the approach to quantisation of Regge calculus developed in a number of our papers. This approach is based on constructing quantum measure in area tensor Regge calculus (Regge calculus in the extended configuration space with independent area tensors) to fit the following requirement. This measure should be reducible to the Feynman path integral describing canonical quantization if the continuous limit along any of the coordinates is taken, the latter coordinate playing the role of the continuous time. The result is finite nonzero area expectation values [3] . Being defined in the extended configuration superspace with independent area tensors this measure then can be practically uniquely projected on the hypersurface in this superspace corresponding to the ordinary Regge calculus. The result is finite nonzero length expectation values [4, 5] .
In the above papers we have studied the Euclidean version of the theory.
Euclidean GR usually does not provide a more convenient framework than the genuine Lorentzian one because of the unboundedness of the Einsteinian action. In our case, however, the advantage of the Euclidean version is that it allows to split the fundamental variables into the two real independent (selfand antiselfdual) counterparts so that the quantum measure in area tensor Regge calculus factorizes into the two simpler measures on the corresponding (self-and antiselfdual) sectors of the configuration superspace. As for the problem of definition of the path integral with unbounded action, it can be cured by rotating integration contours to the purely imaginary values of those area tensors π which are integration (dummy) variables: π → −iπ. As a result, averaging a function of π leads to
Here integration variable R is SO(4) rotation (curvature) matrix, DR is the invariant (Haar) measure, A • B ≡ A ab B ab /2, and 3D vectors + π and − π parameterize decomposition of π ab over the basis of self-and antiselfdual
chosen so that i ± Σ k ab obey the Pauli matrix algebra. Analogous decomposition of R is multiplicative. The first equality in the formula (1) corresponds to the simplified configuration for which the quantum measure is factorized into the independent ones over the separate areas (in fact, it is the most natural situation from the viewpoint of the local triviality of the area tensor Regge calculus in this respect analogous to the 3D Regge calculus).
Consider the physical case of the Lorentzian metric signature. Now selfand antiselfdual parts of area tensors and of the rotation matrices are, first, complex, second, are related to each other by complex conjugation. Therefore a more careful analysis is required.
Note that integration over the invariant measure is representable as
where η ab = diag (±1, 1, 1, 1 
This is in some sense a matrix analog of a Bessel function. Let us make the formal substitution of the variables λ ab = f,g
Real λ ab imply purely imaginary Λ 0i (i = 1, 2, 3). Let us make rotations in the complex plane to the purely real Λ 0i . The possibility to proceed in such the way is provided by the sufficiently rapidly decreasing expression under the integral sign at |Λ 0i | → ∞ both separately for each i and simultaneously.
Note that the dangerous in this respect exponential factor exp (−iδ ab Λ ab ) does not contain Λ 0i while det Λ ab is bilinear in each Λ 0i at almost all the values of the rest of variables. As a result, integrations over the circles of a large radius |Λ 0i | = const → ∞ result in zero at almost all the values of the rest of variables Λ ab . Therefore Λ ab in (5) can be considered real. 1 In fact, originally in our three-dimensional analysis [6] the invariant measure just arises in the form analogous to (3) upon introducing, as in [7] , the variables P ab = l c Ω f a ǫ cf b and Ω ab for each edge which are canonically conjugate in the usual sense. Then we get δ-functions in the functional integral which take into account the II class constraints on P , Ω, namely, δ 6 (ΩΩ − 1)δ 6 (ΩP +P Ω). The invariant measure DlDΩ follows upon integrating these δ-functions An advantage of the formula (5) is that the same expression can be found also for the Euclidean case, the transition between these two consisting in substitution of Lorentzian c,d π f c π gd (η 1/2 ) ca (η 1/2 ) db η f g by the Euclidean −π f a π b f and vice versa (remind that the exponent is monotonic at genuine real area tensor π in the latter case, not oscillating as at earlier used analytical continuation π → −iπ). On the physical surface in the configuration space, π * π ≡ π ab π ab ǫ abcd /4 = 0, the π ab π ab is the only scalar which could be constructed of π ab .
Thereby this is what should be replaced by −π ab π ab when passing from the Euclidean metric to the Lorentzian one. Thus we find the same exponential cut-off factor in the Lorentzian measure as ν(|π|) in the Euclidean one,
but with the argument
If π ab is timelike, i.e. the components π 0i dominate, we find still positive measure. According to the definition of π ab as dual tensor, this corresponds to the spacelike area. If the area is timelike, the measure oscillates and is even complex and does not admit the usual probabilistic interpretation.
Thus, the quantum measure is positive on the area tensors π ab σ 2 spacelike w.r.t. the local frame indices. On the other hand, the notation for the triangle σ 2 in the index of π ab σ 2 can be considered as an analog of the world index, or, more accurately, a pair of such indices. An analog of the spacelike components of area tensor w.r.t. the world index are π ab σ 2 for the leaf/diagonal triangles σ 2 . Now we observe consistency between the properties of the quantum measure on area tensor w.r.t. the local indices and w.r.t. the world indices of this tensor. Indeed, earlier we have found that subject to the quantum fluctuations are tensors π ab σ 2 of the leaf and diagonal triangles (the other tensors should be given as parameters) [3] . It is important that the quantum measure be positive on the sufficiently large subspace of possible fluctuations of those objects which do fluctuate. This just takes place: the areas fluctuate which are spacelike in the world index, that is, from 3D subset, and the quantum measure is positive also on the spacelike areas, now w.r.t. the local frame index, that is, again on 3D subspace (or, taking into account also the Euclidean case, not smaller than 3D subspace). It looks surprising that consistent are the things which seem to have perfectly different origins.
Namely, properties of the quantum measure w.r.t. the world index of area tensor are consequence of the structure of the Bianchi identities on the curvature matrices R σ 2 [3] , whereas considered in the present paper properties of the quantum measure w.r.t. the local frame index refer to the dependence of the measure on a single area. The analogous situation had been encountered also in the three-dimensional model [6] .
